Exposure to ethanol during critical period of development can cause severe impairments in the central nervous system (CNS). This study was conducted to assess the neurotoxic effects of chronic embryonic exposure to ethanol in the zebrafish, taking into consideration the time dependent effect. Two types of exposure regimen were applied in this study. Withdrawal exposure group received daily exposure starting from gastrulation until hatching, while continuous exposure group received daily exposure from gastrulation until behavioural assessment at 6 dpf (days post fertilization). Chronic embryonic exposure to ethanol decreased spontaneous tail coiling at 24 hpf (hour post fertilization), heart rate at 48 hpf and increased mortality rate at 72 hpf. The number of apoptotic cells in the embryos treated with ethanol was significantly increased as compared to the control. We also measured the morphological abnormalities and the most prominent effects can be observed in the treated embryos exposed to 1.50% and 2.00%. The treated embryos showed shorter body length, larger egg yolk, smaller eye diameter and heart edema as compared to the control. Larvae received 0.75% continuous ethanol exposure exhibited decreased swimming activity and increased anxiety related behavior, while withdrawal ethanol exposure showed increased swimming activity and decreased anxiety related behavior as compared to the respective control. Biochemical analysis exhibited that ethanol exposure for both exposure regimens altered proteins, lipids, carbohydrates and nucleic acids of the zebrafish larvae. Our results indicated that time dependent effect of ethanol exposure during development could target the biochemical processes thus leading to induction of apoptosis and neurobehavioral deficits in the zebrafish larvae. Thus it raised our concern about the safe limit of alcohol consumption for pregnant mother especially during critical periods of vulnerability for developing nervous system.
Introduction
Ethanol has been listed as neurotoxic to human [1] , yet still not classified as a developmental neurotoxicant as this industrial chemical exposure is voluntary to human. Consumption of alcohol can lead to behavioral disinhibition and deficiency in cognitive control [2] . Nevertheless, the effects of alcohol to brain might be different within different stage of age. Large bodies of evidence suggest that the developing brain are more susceptible and sensitive to toxic chemicals than the adult brain [3] . The most prominent effect of alcohol exposure during human development is Fetal Alcohol Spectrum Disorder (FASD). Children with FASD will show distinct craniofacial anomalies together with cognitive, behavior and motor deficits [4] . However, beside FASD, psychiatric illnesses such as depression, stress and anxiety are also associated with ethanol exposure during the prenatal stage [5] .
According to [6] ; the time of ethanol exposure is an important determinant in the changes of central nervous system (CNS) and may affect functional endpoints later in life. A study by [7] , have shown that prenatal exposure to ethanol affects the number of neuron in brainstem nuclei in a time dependent manner. The vulnerable effect of ethanol exposure during gastrulation mainly target the rostral rhombomeres, whereas exposure during neurogenesis, the vulnerable effect of ethanol, can be seen at the basal plate. This study has proven that ethanol target specific cell population in a time-specific manner that may define different behavioral response at the later stage. The developing brain is complex, but developmental process has to be reached on schedule and in the accurate progression, thus it will give rise to the window of susceptibility to toxic interference. In a case where the correct programming of the brain development is disturbed due to exposure to neurotoxic insults even at minute concentration or short period of time, the consequences on the nervous system at later age can be permanent.
Similarities of the fundamental neural mechanism of diseases in rodents and zebrafish lead to their popularity in alcohol research. Due to their small, transparent and fast developing eggs that aids high throughput chemical screening [8] , marks zebrafish as a model of choice. In addition, 70% of their genes homologous to human genes [9] and they are rich with quantified behavioural repertoire which makes them a valuable model organism for neuropsychiatric studies [10, 11] . Zebrafish embryos exposed to ethanol during gastrulation stage (8-10 hpf) resulted in decreased of the anxiety related behavior when they reached adult stage [12] . Another study showed that early ethanol exposure to zebrafish embryos (8-24 hpf) also altered motor neuron and muscle fiber morphology which lead to deficits in locomotion [13] . In addition, zebrafish exposed to ethanol during development (1-9 dpf) exhibited anxiolytic effect not only in the juveniles but also in the adults after withdrawal from ethanol exposure [14] . While, zebrafish exposed to low concentration of ethanol from 2 dpf until 9 dpf showed a reduction in social approach, shoaling and increase anxiety like behavior when they reached adult stage [15] . These previous studies showed that exposure of the zebrafish to ethanol during the developmental process give rise to different responses, according to the window of sensitivity. Hence, determination of the adverse effects of different duration of ethanol exposure during the embryonic stage is important as an alteration might occur depending on the specific window of susceptibility.
Given that period of exposure duration, age of the animal and dose of exposure are important determinants that influence different adverse effects of ethanol during brain development, thus, we interested to determine the effects of withdrawal and continuous ethanol exposure during development in the zebrafish larvae where gastrulation is considered as a starting point of exposure. During the development of embryo, we recorded the embryonic toxicity effects of ethanol such as mortality, heartbeat, morphological abnormalities and spontaneous tail coiling. At 6 dpf (day post fertilization), we assessed the behavioral alterations such as swimming activity and also anxiety like behavior. Lastly, we measured the biochemical changes in both withdrawal and continuous ethanol exposure treated larvae using Fourier Transform Infrared (FTIR) analysis.
Materials and method

Fish husbandry and egg collection
Adult wildtype zebrafish (shortfin phenotype) was purchased from the local supplier, Akuarium Fish Mart and were maintained in the Department of Biology, Universiti Putra Malaysia (UPM) in a recirculating system. They were kept in a mixed male and female with ratio 3 females:2 males on a 14 h light:10 h dark controlled photoperiod with temperature 28.5°C [15] and were fed four times a day with brine shrimp (Artemia salina, San Francisco Bay Brand, San Francisco, CA) and with commercial dry flake food (Sera Vipan). Embryos were collected 1 h after the light onset [16] and were washed with distilled water and rinsed with embryo media (15 mM NaCl, 0.5 mM KCl, 1 mM MgSO 4 , 0.15 mM KH 2 PO 4 , 0.05 mM Na 2 HPO 4 , 1 mM CaCl 2 , and 0.7 mM NaHCO 3 , pH 7.0) once to eliminate fungal growth. Before further experiment, the embryos were observed under dissecting microscope to ensure fertilization and approximate age. All procedures were conducted according to the policies of Institutional Animal Care and Use Committee of Universiti Putra Malaysia (UPM) (IACUC/AUP-R024/2014).
Developmental ethanol exposure and anxiogenic drug exposure
Several concentrations of ethanol (0.00%, 0.25%, 0.50%, 0.75%, 1.50% and 2.00%) were prepared by diluting it with embryo media. Before the exposure, all the embryos were carefully staged using a dissecting microscope (SZX-12, Olympus). There were two types of exposure regimen where withdrawal exposure group received daily exposure starting from gastrulation until hatching and continuous exposure group received daily exposure from gastrulation until behavioural assessment. The exposure was conducted in a semi static condition where half of the media were renewed in every 24 h to avoid any possible effect of evaporation [17] . Caffeine was used as an anxiogenic drug to validate the anxiety related behavior in the zebrafish larvae. At 6 dpf, the larvae were exposed to 100 mg/L caffeine (Anhydrous, Nacalai tesque) 2 h prior to behavioral analysis and kept in the same solutions during the behavioral assays, which lasted for 2 h [18] .
Evaluation of toxicity effect of ethanol
To investigate the toxicity effects of ethanol exposure during embryonic stage, we evaluated several endpoints such as the spontaneous tail coiling at 24 hpf, the heart rate at 48 hpf, the mortality rate at 72 hpf and the morphological deformities throughout the exposure time. The mortality rate and morphological deformities were observed daily until the end of the experiments. Dead embryos were removed during the observation time to avoid any contamination. The embryos were indicated as dead when it forms coagulation, non-detachment of the tail, lack of somite formation and heartbeat [19] . The first locomotor behavior observed in the zebrafish embryos is spontaneous tail coiling begin at 17 hpf Mckeown et al., 2009 . However, the observation of the spontaneous tail coiling at 17 hpf was not performed as the spinal cord of the embryos at this stage is still immature yet [20] . Thus, it was suggested to use embryos between 24 hpf to 26 hpf to distinguish the touch response [21] . Embryos with no morphological malformations were randomly selected from each replicate and then spontaneous tail coiling was observed under dissecting microscope (n = 60). The number of tail coiling in the zebrafish embryos was counted within 1-min period. Heart rate of the embryos were evaluated at 48 hpf within 1-min period as normal developing zebrafish embryo, the heartbeat is visible after 48 hpf [19] (n = 60). Due to their transparent embryo, the heart rate can be observed clearly and easily using dissecting microscope.
Evaluation of morphological abnormalities
To assess the morphological development, the zebrafish embryos were collected and dechorionated at 24 hpf, 48 hpf and 72 hpf. The embryos were examined and the images were captured by using inverted microscope (Olympus IX73). The morphological abnormalities observed were the body length and diameter of egg yolk, the heart edema and the eyes. The measurement was taken by using CellSens Dimension 1.6 Software. Each treatment was recorded in triplicate (n = 30).
Quantification of apoptotic cell death in the zebrafish embryos
Detection of apoptotic cell death in the zebrafish embryos were conducted using acridine orange. The zebrafish embryos exposed to 0.75%, 1.5% and 2.0% ethanol were dechorionated at 24 hpf, 48 hpf and 72 hpf and then incubated in 5 μg/ml acridine orange solution for 30 min. The embryos were then rinsed thoroughly in embryo media two times (5 min/wash) and anesthetized with 0.03% ethyl 3-aminobenzoate methanesulfonate (tricaine, Sigma) for 1 min. The stained embryos were mounted in 0.5% methylcellulose on a microscope slide for observation by fluorescent microscope (Olympus IX73). The quantification of the numbers of apoptotic cells in the whole body of the embryos were counted by using Image-based Tool for Counting Nuclei (ITCN) in image J. The experiments were repeated three times in triplicate (n = 60).
2.6. Swimming activity behavior in the zebrafish larvae At 6 dpf, larvae without any morphological abnormalities were chosen randomly from each treatment and were transferred individually into a 60 mm petri dish containing 15 mL embryo media. The petri dish was placed over a grid of 1.0 cm 2 squares. Camera SONY JVC E505 B Full HD camcorder was set up on top of the petri dishes with clear vision of the lines and the behavior was recorded for 1 min. The larvae were habituated for one minute before the behavioral assessment for better adaptation in the new environment and the swimming activity was assessed individually (n = 90) by counted the number of line crossed manually [22] .
Anxiety related behavior assessment
For further behavioral assessment, 0.75% ethanol concentration was chosen among several concentrations due to the significant effect in locomotor activity as compared to the control for both exposure regimens. The 6 dpf larvae were tested for anxiety related behavior performed as described by [23] . Briefly, 5 larvae from each treatment were randomly placed in a petri dish with 0.5% agar ring with diameter 2.5 cm × 0.7 cm height for larvae's swimming area and filled with 10 mL embryo media and were placed on top of a laptop screen where the PowerPoint animation was visualized. Before the behavioral assessment, the larvae were acclimatized for 5 min. The behavioral assessment was recorded for 10 min, the first 5 min started with the blank white, followed by another 5 min later with a PowerPoint animation showing a red moving ball. The red moving ball served as an aversive stimulus by moving continuously from left to right and back. The movements of the larvae were captured for every 5 s within 10 min periods. 120 pictures of the larvae's movements were generated with an approximate value of 600 larvae's coordinates for each replicate and were analyzed by using image J. By using threshold, image J would allow the removal of the red moving disc from the images where it separated from the background and identified larvae by particle analysis. The data obtained from the image J were further analyzed by using excel sheet template provided by [18] (n = 90).
Fourier transform infrared (FTIR) analysis
Biochemical changes in the 6 dpf larvae treated with 0.75% withdrawal and continuous ethanol exposure were conducted by using FTIR. For this analysis, 90 larvae for each treatment were selected and fixed with 4% paraformaldehyde (PFA) overnight in 4°C. After fixation, the larvae were washed three times with PBS for 5 min each and dried in lyophilizer (VTIR-TIS 6KBEL85) for 12 h at 60°C in order to remove any excess water. Pressed pellets were prepared by grinding the zebrafish larvae with potassium bromide (1:100) ratio using mortar and the mixture were then subjected to a pressure of 5 × 10 6 Pa in an evacuated die to produce a KBr disc. The measurement was analyzed using Thermo Nicolet Nexus, Smart Orbit spectrometer in the region 4000-500 cm −1 at a resolution of 4 cm −1 [24] .
Statistical analysis
Statistical analyses were performed using SPSS version 20. One-way ANOVA (analysis of variance) was used to determine the effects of ethanol exposure as compared to the respective control. Determinations of differences between treatments either with or without aversive stimulus were tested using two-way ANOVA. Data were presented as mean ± standard error of the mean (SEM). After ANOVA, post hoc Duncan test was used to define the significant difference between control and treatments. The data were significant when p ≤ 0.05.
Result
Toxicity effect of ethanol to zebrafish embryo
Fig . 1A shows that ethanol exposure 0.25% (2.6 ± 0.27), 0.50% (2.1 ± 0.28), 0.75% (2.5 ± 0.56), 1.50 (2.1 ± 0.43) and 2.00 
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Behavioural Brain Research 332 (2017) [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] (1.9 ± 0.43) decreased with the average spontaneous tail coiling of the zebrafish embryos at 24 hpf as compared to the control (3.6 ± 0.31). Embryos which were exposed to high concentrations of ethanol, 1.50% and 2.00% showed 1 and 2-fold reduction respectively in the heart rate as compared to the control (Fig. 1B) . In contrast, the total percentage of mortality was significantly increased in the embryos treated with ethanol concentration 0.25% (17.34 ± 3.02), 0.50% (14.99 ± 2.06), 0.75% (15.32 ± 2.12), 1.50% (21.65 ± 2.99) and 2.00 (28.66 ± 2.55) in a dose-dependent manner as compared to the control (10.35 ± 1.6) (Fig. 1C) . For further behavioral assessment, the range of exposure concentration was maintained between 0.00% until 1.50% because 2.00% ethanol treated larvae did not survive until 6 dpf for behavioral analysis.
Morphological abnormalities in zebrafish embryos
Exposure of zebrafish embryos to ethanol during development significantly induced developmental defects in a time dependent manner (Table 1 ). In our finding, the most prominent effects of ethanol exposure on morphological abnormalities can be found in embryos exposed to 1.50% and 2.00% ethanol. The embryos have shorter body length, smaller eye diameter, larger egg yolk and heart edema when compared with the control group. While, 0.75% ethanol treated embryos have larger egg yolk only at 72 hpf and larger heart size only at 24 hpf. All treatments resulted in smaller eye diameter in the zebrafish embryos at 72 hpf as compared to the control. Other morphological abnormalities such as undetached tail and rachischisis (undeveloped head and tail region) and bent body axis can be found in the embryos exposed to 2.00% ethanol within 24 h exposure. The data was recorded in embryos exposed to 0.75% until 2.00% ethanol as lower ethanol concentrations did not show any morphological abnormalities.
Effect of ethanol exposure on apoptosis
The occurrence of apoptosis was examined by using acridine orange stained at 24 hpf, 48 hpf and 72 hpf. Zebrafish embryos exhibited apoptotic cell death identified as green particles (Fig. 2B) . Fig. 2A showed that treated embryos had higher apoptotic cells as compared to the control group. The number of apoptotic cells in the embryos treated with 0.75% and 1.50% was significantly increased (2 fold) at 48 hpf rather than at 24 hpf. When the embryos reached the age of 72 hpf, the number of apoptotic cells was decreased 2 fold in embryos treated with 0.75% ethanol and 4 fold in embryos treated with 1.50%. However, embryos treated with 2.00% ethanol showed 2 fold reduction as the age of the embryos increased and showed no significant changes when the embryos reached the age of 72 hpf.
Effect of withdrawal and continuous ethanol exposure on swimming activity in the zebrafish larvae
The larvae treated with withdrawal ethanol exposure showed hyperactivity [0.25% (18.0 ± 1.33), 0.50% (18.2 ± 1.40), 0.75% (20.1 ± 1.00) and 2.00% (17 ± 1.50)] as compared to the control (14.3 ± 1.33), while larvae treated with continuous ethanol exposure showed hypoactivity [0.25% (11.7 ± 2.52), 0.50% (12.6 ± 1.69) and 0.75% (9.6 ± 2.03)] when compared to the control group (15.4 ± 2.24) (Fig. 3) . During the test session, larvae that were treated with continuous ethanol exposure tend to freeze at the edge of the petri dish, consequently, exhibited lower number of line crossed in comparison with the larvae that received withdrawal ethanol exposure. This revealed that duration of ethanol exposure influence swimming activity in the 6 dpf larvae. We discarded the analysis of swimming activity in the 1.50% continuous ethanol exposure as most of the larvae did not survive until 6 dpf. For further behavioral assessment, ethanol concentration 0.75% was chosen for anxiety related behavior analysis in both Table 1 Effects of ethanol exposure during embryonic stage on morphological abnormalities in the zebrafish embryos. Treatment One of the most commonly used behavioral endpoints measured in preclinical studies for drug screening and typical measurement for anxiety-like behavior is thigmotaxis. Zebrafish that are engaged in thigmotaxis behavior strongly avoided the centre of an arena and stay or move to the walls which later referred as the percentage of edge preference (Fig. 4A) . Different type of ethanol exposure regimen gives a different result in thigmotaxis behavior in the zebrafish larvae. Embryos exposed to withdrawal ethanol exposure showed decrease in the percentage of edge preference as compared to the control either with (70.41 ± 2.13%) or without (60.56 ± 2.12%) aversive stimuli. In contrast, when we exposed embryos to continuous ethanol exposure, the larvae exhibited increased in the percentage of edge preference (82.57 ± 2.10%) which was distinguished with the control group (74.84 ± 2.10%) in the absence of aversive stimulus. But, when we introduce a red bouncing ball as an aversive stimulus, the percentage of edge preference of the treated larvae (80.97 ± 2.00%) showed no significant different from the control (82.34 ± 2.11%). In addition, zebrafish larvae exposed to caffeine showed significant increase in the edge preference without (84.93 ± 2.12%) and with (88.40 ± 2.10%) the presence of aversive stimulus as compared to the control. In general, our finding found that ethanol exposure had time dependent effects on anxiety like behavior in the zebrafish larvae, where withdrawal ethanol exposure group showed anxiolytic effect and continuous ethanol exposure group showed anxiogenic effect. Larvae exposed to caffeine exhibited anxiogenic effect by showing higher preferable to be on the edge.
Percentage of down preference (Avoidance behavior)
Another measure of anxiety is larval avoidance [10] which later being referred as the percentage of down preference (Fig. 4B) . According to Lovato et al., 2016, although the larvae are showing motor response on the aversive stimulus, the ability to recognize and assess Fig. 3 . Effect of withdrawal and continuous ethanol exposure on locomotor activity in the zebrafish larvae. Exposure to withdrawal ethanol exposure increased the locomotor activity while exposure to continuous ethanol exposure decreased the locomotor activity in the 6 dpf larvae as compared to respective control. (*) represented as the treated larvae is significant different as compared to the control with p ≤ 0.05.
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the unfamiliar visual threat is the actual determination of avoidance success. Without the presence of aversive stimulus, continuous ethanol exposure (44.44 ± 2.65%) decreased the percentage of down preference while withdrawal of ethanol exposure (54.35 ± 2.50%) showed no significant changes in relation to the control group (51.81 ± 2.54%). With the presence of aversive stimulus, the percentage of down preference for both ethanol exposure (continuous; 62.66 ± 2.65%, withdrawal; 56.03 ± 2.70%) were lower than the control (74.91 ± 2.56). Our finding also found that caffeine reduced the percentage of down preference without (40.96 ± 2.65) the presence of aversive stimulus and no significant changes when we introduced the aversive stimulus (71.5 ± 2.63) as compared to the control. Overall, larvae in all treatments group displayed less avoidance behaviour.
Biochemical changes in zebrafish larvae after chronic embryonic ethanol exposure
The Fourier Transform Infrared (FTIR) spectroscopy was used to identify the cellular and biochemical changes in both untreated (control) and treated larvae exposed to 0.75% withdrawal and continuous ethanol exposure. The average FTIR spectra of control sample and treated larvae in the 4000-500 cm −1 were shown in Fig. 5 and the peak assignment was presented in ) also exhibited a decrease in nucleic acids intensity as compared to the control at peak of 1235.47 cm ). The alteration of the spectra intensity of peak observed reflects the changes in the quantity of glycogen and nucleic acids in the larvae exposed to ethanol.
The peak at 1090.20 cm −1 and 1037.26 cm −1 represents the stretching of CeN and CeO associated to nucleic acid and carbohydrate respectively. Ethanol exposure larvae showed no peak at 1037.26 cm
indicated that ethanol caused loss of carbohydrate in the larvae. Chronic ethanol exposure also initiated with the loss of proteins, lipids and carbohydrate as the peak at 983.94 cm −1 and 931.82 cm −1 which was disappeared in the larvae treated with ethanol. The loss of peak is due to the loss of essential components in the larvae due to ethanol exposure. The appearance of peak at 695.65 cm −1 was only noticeable for larvae treated with continuous ethanol exposure owing to the bending for alkyl halides for proteins, lipids and carbohydrates. Finally, the observed peak at 529.61 cm −1 (control), 511.31 cm
(withdrawal ethanol) and 523.17 cm −1 (continuous ethanol) emerged due to the usage of KBr in the sample preparation for FTIR analysis and these peaks belong to C-Br stretch for alkyl halides.
Discussion
This study demonstrates that chronic embryonic ethanol exposure induced morphological abnormalities, increased mortality rate, reduced the number of spontaneous tail coiling and decreased the heart rate of the developing zebrafish. This study also proves that ethanol exposure have a time dependent effects whereas the anxiolytic and anxiogenic effects of ethanol are associated with the duration of ethanol exposure. Exposure to ethanol also induced alteration of the apoptosis and biochemical profile in the zebrafish larvae depending on the duration of exposure to ethanol. 
Embryos toxicity effects of ethanol exposure
In the present study, our data showed that exposure to ethanol during development caused elevation of the mortality rate in a dose dependent manner. The increase of the mortality rate might be due to the ability of ethanol to induce oxidative stress that interrupts the normal biological function during the developmental period, or induces abnormalities to the developing organs, which therefore ultimately leads them to die [25, 26] . However, since the determination of mortality rate alone is not sufficient to show subtle effects of neurotoxicants, we evaluated spontaneous tail coiling at 24 hpf to identify toxicity effects on embryonic locomotion [27] . Spontaneous tail coiling is the first locomotor behavior occurs in the zebrafish embryos generated by the developing motor network where the embryos tend to exhibit full body contraction which ultimately brings the tail to its head [28] . Our study found that embryos exposed to ethanol during development showed alteration in the spontaneous tail coiling. Exposure to ethanol can disrupt the development of the spinal cord by decreasing the number of differentiated neurons in the spinal cord as well as in the neural tube (hindbrain) in the zebrafish embryos [29] . The heart rate of the treated embryos exposed to ethanol at higher concentrations, 1.50% and 2.0% were significantly lower as compared to the control. This might be due to high dose of alcohol can lead to multiple cardiac effects such as myocyte hypertrophy and necrosis, interstitial fibrosis, decreased ventricular contraction and ventricle enlargement [30] which lead to heart deformation and decreased the heart rate [25, 26] .
Alcohol are known as teratogen. In agreement, we found that higher . Total sample for each treatment group is n = 90. N.F. Ramlan et al. Behavioural Brain Research 332 (2017) [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] concentrations of ethanol gave more prominent effects on the morphological abnormalities in the embryos. This finding is in agreement with a study by [17] ; where they found that ethanol concentration as low as 1.0% disrupted the central nervous system (CNS) and induced developmental defects such as edema, crooked bodies, eye defects and tail defects. These findings further proved that ethanol is a teratogen and zebrafish is a useful model to assess the potential teratogenicity of chemicals. Apoptosis is an important cellular process that occur during vertebrate development, yet, any impairment to this program cell death will lead to irreversible consequences later in life. Our results demonstrated that exposure to ethanol significantly increased apoptosis as compared to the control. Consistent with a study by [31] ; they also observed induction of apoptotic cell death in the developing rat brain after ethanol exposure. In addition, a macaque that was prenatally exposed to ethanol showed elevation of apoptotic cell death of the oligodendrocytes which 12.7 times higher than the natural apoptosis rate [32] . Since cells are the building blocks of an organism, impairments manifested at the cellular level during developmental stages may increase the susceptibility of the individuals towards other damages at later age.
Effect of withdrawal and continuous ethanol exposure on swimming activity in the zebrafish larvae
Zebrafish larvae, as early as 6 dpf is already a mature swimmer with functioning sensory and motor systems, which enable the studies of locomotor, escape, goal-oriented and optomotor responses [33] to take place. We found that withdrawal of ethanol exposure resulted in alterations of the spontaneous swimming activity in the larvae. This probably due to the withdrawal of ethanol exposure that induced the behavioral sensitization which played a role in alcohol addiction [34] that caused the larvae to increase the locomotor activity. Moreover, we also found that continuous ethanol exposure resulted in the reduction of the spontaneous swimming activity as compared to the control. A study by [13] has shown that fish treated with slightly higher concentrations of ethanol (1-3%) exhibited significant fewer bouts of swimming response following touch stimulation. However, contrary to our study, the locomotion of the larvae involved touch stimulation which also involved the sensory response of the larvae. Interestingly, even at lower concentrations (0.5-2%), our study has shown that ethanol has the potential to disrupt the development of locomotion in the developing zebrafish, even without the involvement of the sensory response.
Noteworthy, the effects of ethanol on the locomotion during the development of the zebrafish are highly dependent on the experimental design. This further proved that assessment of locomotion using the zebrafish larvae is a robust and powerful tool for the assessment of subtle effects of neurotoxicants.
Effects of ethanol on thigmotaxis and avoidance behavior
Anxiety can be defined as a strong fear response to what would normally be neutral or mild stimuli [35] . Upon stimulated with a red bouncing ball as an aversive stimulus, the larvae will exhibit avoidance response (down preference), thigmotaxis (edge preference) and freezing (resting) behaviour. We found that the larvae in all treatments do not show any resting behavior as they were able to response to the aversive stimulation. This result suggested that the larvae were able to notice the moving bouncing ball and ethanol exposure did not disturb the development of the retina in the zebrafish larvae. Thigmotaxis is a parameter that can be used to measure anxiety related behavior in the zebrafish [36] . Withdrawal of ethanol exposure decreased anxiety related behavior, while continuous ethanol exposures increased anxiety related behavior. This finding demonstrated that time of exposure is an important factor to be considered for the determination of ethanol developmental neurotoxicity. The differences occurred might be because of the withdrawal exposure permitted the developing brain of the treated larvae undergoing recovery phase [37] . As an anxiogenic substance, caffeine exhibited a positive result of anxiety related behavior by showing an increase in the thigmotaxis behavior even without the presence of aversive stimulus Richendrfer et al., 2011. Whereas, upon red bouncing ball stimulation, the response of the larvae can be either swam away from the threat, froze or hide at the closest edge. Upon stimulation with aversive stimulus, both exposure regimen exhibited reduction of the down preference as compared to the control. Larvae treated with caffeine showed the percentage of down preference was reduced as compared to the control either with or without the presence of aversive stimulus. However, according to [18] , percentage of down preference may not be a straight forward measurement of anxiety in the zebrafish larvae, since in their study the percentage of down preference was reduced both after exposure with the anxiogenic caffeine and the anxiolytic fluoxetine. The failure of the larvae to detect and recognize the aversive stimulus as potential threat may be delayed in the ethanol treated larvae, thus increase the time to respond to the potential threat. Prenatal ethanol exposure even at low level has been [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] proved to affect the attention of the rat offspring [38] . Interestingly, children with fetal ethanol exposure also exhibited reduction in the speed of information processing and delays in responding [39] .
Ethanol affects carbohydrates, lipids, nucleic acids and proteins
We found that, exposure to ethanol during development altered transmission intensity, shifted the peaks position, and lead to appearance and disappearance of peaks indicated damaging effects of ethanol, depending on the duration of the exposure to ethanol. Our results showed that ethanol exposure induced biochemical alterations of the carbohydrates, lipids, nucleic acids and proteins for both withdrawal and continuous ethanol exposure. A previous study by [40] , has shown that exposure to alcohol altered protein expression and generated more reactive oxygen species (ROS) in the Purkinje cells of the brain. While, prenatal ethanol exposure on rat showed alteration in phospholipid profile in the hippocampus which is associated with cognitive dysfunction in FASD [41] . Since biochemical molecules are essential units to living things, their destruction during development may lead to adverse consequences. The impairments may involve different systems in the body and the effects can be both, subtle or overt toxicity. Importantly, alterations of the biochemical profiles during development may disturbed the correct programming of the brain development and the damage on the nervous system can be irreversible. Based on our finding, ethanol induced biochemical alterations for both exposure regimens at low concentrations, indicating that there is no safe time period for exposure to ethanol during the development of organisms.
Conclusion
Exposure to ethanol at low concentrations induced alteration in embryo toxicity effects and neurobehavioral function in the zebrafish larvae. This study also proved that ethanol had time dependent effect on anxiety related behavior. The induction of apoptotic cell death and impairment in the biochemical profile caused by ethanol exposure during development may contributed to those impairment and alteration observed. More research is likely needed to study the neurochemistry involvement in the impairment of neurobehavior in the zebrafish larvae.
